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A GATED MICROCHANNEL PLATE IMAGE INTENSIFIER
PACKAGED IN A REFLEX CAMERA BACK

I. INTRODUCTION

One of the missions of our Lxperimental Plasma Physics group i3 to study
tiie lnteraction of charged particle beams with reduced density channels in
atmospheric pressure air. Reducéd density channels are produced by lasers or
electrical discharges. which emit orders of magnitude more light than is
emitted by a channel-electron beam interaction. In order to photograph the
interaction 1t is necessary that the camera shutter be closed during the
channel nroducing discharge and open a few microseconds later feor the passage
of the electron beam pulse. It was for this reason that this gated image
intens fier package was designed.

The proximity focussad microchannel plate intensifier tube (ITT F-4111)
used in this package 13 ~ continuous operation amplifier of a type used in
night vision devices. The first reported use of a channel plate tube as a
fast shutter was by Albert J. Lieber in 1972,‘ who achieved a shuttering time
of four nanoseconds. N.P.S. King, et al.,2 reported shuttering times of one
nanosecond for the F-4111, The device described in this present paper uses an
electrical configurstion very close to the one described by these later
authors.

The contributicn of the present work is one of convenience and
varsatility. The 1mage intensifiler packace 13 mounted, internchangeably, on
the tack of 3 raflex camsra with 1ts photocathode located 3t the camera's
“acal plane and a pack c¢f Polaroid fi1lnm pressed against Lig fiber—dptic outpul
1gure 1), A scene to be photograpned tarough th2 1mage 1ntensifier is
focuss=ad through the refllex ontins of the camera., No continuous operation

Mammc:i;:—approved October 9, 1985.
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'focus' mode is necessary for the image intensifier. Further, by replacing
the 1mage intensifier package with a regular polaroid film back, the scene can
be photographed directly for alignment or reference purposes. Lastly, this
image intensifier system has the advantage of a complete camera 3ystem: a
variety of commercially available accessories and a large variety of lenses

each with its own mechanical shutter and iris.

II, DESCRIPTION OF CAMERA
a) Mechanical Detail

The 1mage 1ntensifier package consists of three parts: a metal adapter
plate that mates with a Hasselblad 500/C, an aluminum housing that contains
the intensifier tube, and a standard plastic Polaroid film pack holder. The
adapter plate and the film pack holder make up a standard 500/C Polaroid
back. In 1ts operating position, the i1mage tube photocathode is located at
the image plane of the camera lens, the output fiber-optic plate is pushing
gently against the Polaroid film, and the film pull-tabs are covered by a
lever, Pulling the lever to expose the pull-tabs also moves the intensifier
tube away from the film, allowing the film to be pulied without wiping on the
fiber=optic plate. The only alterations of standard parts necessary for
assembly of the package are removal of a glass plate from the metal adapter
plate and trimming about one millimeter of the silicone potting compound from
tne photocztnode end of the intensifier tube.

Figure 2 1s an assembly drawing of the image intensifier housing. Figure

n
ur
3
n
1

view of tne s:de that faces the Hasselhlad camera, The covarnlate for
thls side 15 the mstal adapter plate for a nasselblad supplied Polarc:? fllm

camera back., ALl of the mechan:ical matlng mecnan.isms are Lhus netween

S

Hasselnlad parts, In the operating posltidn, tne photocatnode of the
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intensifier tube, including a .135 1inch thick silica window, is at the focal
plane of the lens.
rigure 2b is a view of the other side of the housing. This side faces a

pack of FPolaroid film and, in the operating position, the fiberoptic faceplate
of the intensifier tube touches the filim. The mechanical complexity of the
cevice is due to the necessity of removing the fiberoptic faceplate from the
Pciarold film when the film is being pulled. The 1intensiiier and holder are
moved away from the film by raising the thumb lever from its normal vertical
pcsition to a norizontal pesition., This motion not only moves the intensifier
put 1t alsoc uncovers the film tabs so that they may be pulled. The thumb
lever is linked to the cam as shown in Figure 2b, and 1ifting the thum: lever
moves the cam to the right. It is not evident from the assembly drawings, but
the cam can only move left and right, and the intensifier holder can only move
into and out of the plane of the drawing. Two pairs of diagonal slots are
milled into the cam, and as it moves right and left, the cam following rods
must slide in and out. The range of motion of the intensifier 1s about 9.030

inches,

b) Electrical Detail
Figure 3 1is an electr:cal schematic diagram for the ITT F-4111 proximity
focused channel plate intensifier Cube. The device requireg three veltages

plus ground., 1r the circult of this system, the input side of the of the

m.crochannel plate 1s ohosen as ground. A posltive dc voltage 1s appliied to

.- - tne shotoecathode To kesp the tube off unless 1t 13 pulsed, The output side of

’ -

.
1

~

o - tne micgrochannel plate 1s tiased Lo agcut TCJ volts, providing a nominal galn

¢l 13,000, The P-20 phosphor, alumintzed anode 1s biased 5000 volts above th2
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microchannel plate output side. To turn the tube on, the cathode is pulsed

e,

Wit a negative voltage large =nough to overccme the poszitive bias and

accelarits photo—electrons into tne microchannel plate, The bias voltages are
supelled ny a dattary dperitad power supply manufactured by X-M Zlectrcnics, a
campany that speciallizes 1n image intensiflying tudbe power supplies, The power
supply 1s equipped with safety esatures to prevent the tube from being damaged
Dy 00 iatense a light input and too nigh a microchanrel plate bHlas voltage.
The negative gate pulse Lo the photocathode is a S0 ohm signal between 80
znd 12C volts. There are two ccaxial connectors leading to the
pnotocathode. One is used as the input connector and the other is to be
terminated, It 13 useful to use 13 3 termination a line hack to an
ngcillcscope input. In this way, for fast pulse operation, the pulse
degradation can be monitored.

Appendix I 2ontains manufacturers' data sheets on the intensifying tube

and the »attery operated power supply.

IIT. EXAMPLE OF RESULTS

The net optical gain of the systam i3 abcut 200. This number is
aetermined by cemparing film exposure generatad directly on the film by an
operi shutter photogriph of an 2lectrical discharge of kncwn duration through a
set of neutral density filters, with the film exposure of the 3ame scene

corough the intensifiar pulsed £or se.v3ral nanoseconds. The 3ame camera and

‘g

l2ns are used in both exposures. A regular polarnid £i1lm pack hack i1a used
Jor o the first exposure, and the intens:ifiar back for the second. The neutral
ensity Tilters are adjusted to obtain equal exposures ind the gain 1s

sorouted Ty 2quating the froducts of lizht zain %imes exposura tide for the
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;&f;‘~’:' two equal exposures. This gain i3 about a factor of ten lower than the quoted
#{: T:‘ light gain, which is a cw gain,

:f>q;’ ﬁ Figure 4 is a 100 ns exposure of an interferogram of a reduced density
$§ iiH}% channel generated by a pulsed 002 laser beam in one atmosphere of nitrogen

’#? ;? that has been seeded with SFg. The interferometer is back lighted by a 0.5 mw
:t;’ ﬁ ¢w HeNe laser. The off-on contrast ratio of the intensifier is such that the
» f} laser ~may impinge on the ungated cathode for as long as thirty seconds before
tib.':if the film is fogged. The two burn spots in the photograph are the result of
%iﬁ i trying to increase the pulse current capability of the channel plate electron
;é?. ‘E multiplier and the phosphor anode in an effort to bring the pulse gain up to
;ﬁ;: Q%(“ the value of the quoted cw gain.

Iv. CONCLUSIONS

This report describes a single frame, fast (of the order of ten
nanoseconds exposure time) exposure camera system with a light amplification
factor of 1000. The system uses a commercially available proximity focused
micro~channel plate intensifier tube and the Hasselblad 500/C still camera
system. The cost of the single frame system, including a modest lens, camera
body, two Polaroid backs, intensifier tube, battery operated power supply, and

machine work is about $13,000,
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Fig. 4 — Photograph of an interferogram taken at a 100 nanosecond exposure

with the single fast frame intensifier system.
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F-4111, E-4112, F-4413 |

NOTE | Other photocathedes availuble on special order, include the S-1,
1o provide detection and  comvenion  of 1.06 u signals, and GoTe, Cif
cathodes for special UV applications.

NOTE 2 Fiber optics, quartz, Mg¥2. or other materials available on special
neder. SPECTRAL OQUTPUT

P-20 PHOSPHOR
NOTE 3 Other phosphars available on special order.

. 00
NOTE 4 Power Supplies can e an integral part of rhe tube assembliy. Gate- & - [r\,&
able and DC power supplies are available as separate uruts. g c0 1 \

[ .
NOTE 5 Defined as the ratio of the total luminous flux from the phosphor ¢ oo _ f R
screen to the total luminous flux incident on the photocathode from a Z _ \ ]
standard 2.854% K turgsten lamp, and measured with a pholometer a5 3 TN
ft-1/ft-c with an input level of 1X10'5 ft< incident on the photocathude. w T _
The ITT proximity fucused channel intensifier tube provides a varizhle tube z 20
gun by varying the microchannel plate voltage. 3 L e N
NOTE 6 There is no degradation of resolution from center-to-edge of screen. ) :

4 43 3 S8 3 [1.]

con i .- -3 )
Resolution is measured with 5 X 10~ footcandles on the photocathade tu WAVELENGTH u METERS

determine limiting, or 5 per cent MTF levels with a 100 per cent cuntrast
target.

NOTE 7 For continuous operation; this value may be several orden of maani-
tude higher for puised operation.
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' SPECTRAL RESP(‘VSE CHARACTER!STICS

=5
nels

. enmmey e mar

Dimensional Data 18mm F-411 ! 2Smm F3112 40mm F-4113 Units
A Maximum diameter 45 53 71 mm
{with potting)
_i B Length (nominal) 21 21 24 mm
i C Useable Photocathode Aperture 18 25 40 mm
i D Useable Screen Aperture 15 25 30 mm
' Potied Weight 60 105 215 grams

ELECTRO-OPTICAL PRODUCTS DIVISION El"?ﬁ'l

3700 E. Pontiac St.. Fort Wayne, Ind. 46803
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. COMPACT IMAGE INTENSIFIER TUBE
- GATEABLE POWER SUPPLY

[a 2
” 1 . {
K : ‘
¢ . ; 2:08
: " |° I Mh,
b i | ‘
i ! ‘ .
M (B ]
i , ! !
" . 2 2! i .
| ! ‘ .
i 104 __ R ﬁiﬂxs P
1 3 ]
j ; ase ; )
i . X
i ' C | s
! * 18— max
i MQDEL 21215P
4
Dimensions are in Inches
FTATURES
® Ccrmmact Size '
® Ygltaca Contrel ar Pot Controil MCP {Scecify when orzerirng)
& ® Adjustanie ABC Shutndown
S ® Grounded MCP-In
SPECIFICATIONS
PARAMETER NArE Mo o MAX  REMARKS
Inoyt Yoltage @R.e B+ 4.3 5.0 5.3 -
Inpyt Current [in - 125 2C0 -
Cathode Off (lue +1 25 30 25 Ref to MCP-In
MCP=In  whilw -(Gaw) - 0 - At B- Potential
b MCP-Qut Greew- ' 700 - 800 Ref to MCP-In
Loty Anode Yelte wo V3 4530  5CCO 5500 Ref to MCP-Qut
f Cathode lLoad i - - 100 18 mm Tupe K
t MC?-Qut Load RL2 30 - - -
$ X Anode Load RL3 - - - Limitad by ABC
- SRS fnoca Sense ABC - 40 -
i . Tamperature: Laporatory Eavironment {Room)
ﬁ‘ .'_ ——
L . MOTIS:
O - : 1. ABC shutcown acjiustapla with intarnai potarnticmerar.
W . " ) . .
ek N 2. 0~ voitage control MCP models, the “CP guiou:t vortage is adjusted via a
:;,. S C to +10 Vdec appliag =z Yc line, whnare <10 VYdc is maximum MCP valtage.
B . In additicn, the maximum 202 voitage at - 10 Jde zar be set via an intermal
A MCP max tim1s mot.
T - { 3. Cn pot conirgl VG m , the MC? outsuz volizge
- - ccIlanticmatar, wne: Kwilsa rgtatigm jrzrezca:z
Y . o The maximum “CP ol tizinanle witn e MCF Il
:_:x - A internal “I2 max Timiz 2ot
) -,
. } . ESEVI-N
N - Y-
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S B
TN <L -
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